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[57] ABSTRACT

A BiCMOS integrated circuit design having an oversized
isolation area surrounding circuit elements which are non-
scaleable is provided. The non-scaleable circuit elements
can be removed from the layout, and the remaining scaleable
elements shrunk by a CAD system. After shrinking the
scaleable elements and the isolation area, the non-scaleable
elements are returned to the layout at their original size, and
located within the scaled-down isolation area.

11 Claims, 2 Drawing Sheets
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1
SHRINKABLE BICMOS CIRCUIT LAYOUT

This application is a continuation of prior application
Ser. No. 07/380,559, filed Jul. 17, 1989, abandoned.

BACKGROUND OF THE INVENTION

The present invention relates, in general, to integrated
circuit design, and in particular to a shrinkable integrated
circuit design for circuits having both bipolar and CMOS
circuit elements.

Integrated circuits take months or years to design, and due
to advancements in process technology, the design may
become obsolete soon after the design is complete. In the
past, when new process technology allowed manufacturers
to produce circuits with smaller dimensions, the integrated
circuit had to be re-designed or redrawn to implement the
smaller dimension. Often the redesign took several months.
Circuit designs, or layouts, are usually done on a computer
aided design (CAD) system, which processes a digital
record of the layout. In order to reduce redesign time, CAD

systems are used to arithmetically shrink the layout, also

called scaling the design. While scaling works very well for
some circuit elements, such as CMOS elements and passive
components, it works poorly on others, such as bipolar
elements. This is because parameter changes in CMOS
elements and passive components are roughly linear with
size, while bipolar elements change non-linearly. To take
advantage of smaller dimensions in a bipolar circuit each
transistor was redesigned, not simply scaled, and often times
circuit changes were made to compensate for the parametric
changes of the bipolar transistors. Scaleable circuits enjoy a
longer product lifetime, and are more cost effective than
non-scaleable circuits.

Recently, integrated circuits have become available hav-
ing both CMOS and bipolar elements formed on a single
shared substrate. These circuits are called BiCMOS circuits
and comprise CMOS devices built in the substrate, and
bipolar cells which are formed in areas which are isolated
from the the CMOS devices. The boundary of the isolation
area is usually spaced as near to an outside edge of the
bipolar cell as possible, and the spacing is substantially
uniform for each bipolar cell on a chip. The isolation
spacing, which is the separation between the boundary of the
isolation area and the outside edge of the bipolar cell, is a
function of a minimum geometry drawn in the circuit, as
well as peak voltage which is applied to the circuit. For
example, minimum isolation spacing for three micron mini-
mum geometry circuits is typically 12-15 microns, and
isolation spacing for sub-micron minimum geometry is three
~ to four microns. In general, the minimum isolation spacing
is frequently about four to five times the mimmum geometry
of the circuit. |

While large portions of BICMOS circuits are scaleable,
manufacturers have faced the same redesign problem with
BiCMOS circuits as with bipolar circuits. Because many of
the bipolar elements required redesign, not just scaling, the
time delay to take advantage of new process technology was
excessively long. Bipolar cells were redesigned to smaller
geometries when possible, and when this was not possible,
the surrounding isolation region and CMOS circuitry were
redesigned to fit around the original bipolar cell.

Accordingly, it is an object of the present invention to
provide a bipolar-CMOS circuit which is scaleable.

It is a further object of the present invention to provide a
method for laying out a BiCMOS circuit which anticipates
future process improvements.
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It is another object of the present invention to provide a
BiCMOS integrated circuit which can be scaled by a CAD
system with minimal redesign.

It is a further object of the present invention to provide a
faster method for shrinking BiCMOS integrated circuits.

It is a still further object of the present invention to
provide a BICMOS integrated circuit with a longer product
lifetime.

SUMMARY OF THE INVENTION

These and other objects and advantages of the present
invention are achieved by providing a BiCMOS integrated
circuit design having an oversized isolation area surrounding
circuit elements which are non-scaleable, so that the non-

~ scaleable circuit elements can be removed from the layout,

and the remaining scaleable elements arithmetically scaled
by a CAD system. After shrinking the scaleable elements
and the isolation area, the non-scaleable elements are
returned to the layout at their original size, and located
within the scaled-down i1solation area.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a comparison of a portion of a BICMOS
circuit of the present invention before and after a circuit

shrink; and
FIG. 2 illustrates a flowchart of a design and scaling
sequence for a BICMOS circuit of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a comparison of a portion of a BICMOS
circuit using the present invention. While the present inven-
tion is particularly applicable to BICMOS designs, it should
be understood that the method can be applied to any circuit
in which a portion of the circuit cannot be scaled down, such
as analog/digital circuits, sensors, or the like. First genera-
tion layout 11 comprises CMOS circuit area 12, non-critical
bipolar cell 16 and critical bipolar cell 13. Non-critical
bipolar elements are elements which do not effect circuit -
performance when they are down sized, even though they
experience parametric change, as does critical bipolar cell
13. Non-critical Bipolar cell 16 has a width W__,, and is
formed inside isolation region 17. Isolation spacing W,,;, 18
the minimum separation between the boundary of isolation
region 17 and cell 16 used in a design to guarantee that
current from bipolar cell 16 does not reach surrounding
circuit elements, and is a function of cell geometry and peak
voltage applied to the circuit. Bipolar cell 13 is formed
inside oversized isolation region 14, which is oversized by
a predetermined percentage. What is meant by oversized 1s
that the isolation spacing of isolation region 14 1s larger than
the minimum isolation separation W,,,,, which surrounds
non-critical bipolar cell 16. The amount of oversize 1s
determined by estimating the lifetime of the circuit design,
and the effects of process technology change on manufac-
turable dimensions during that lifetime. Typically, a design
lifetime will be 5-10 years, and process technology may
reduce manufacturable dimension by 30% to 50% in that
lifetime. A buffer zone of electrically inactive space which
uniformly surrounds bipolar cell 13 is created between the
outside boundary of bipolar cell 13 and an outside edge of
isolation region 14. First generation layout 11 thus has a
uniform first isolation spacing around the scaleable compo-
nents 16 and a second uniform isolation spacing around
non-scaleable elements 13. Once first generation layout 11 is
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complete, photomasks are generated and production begins.

Second generation layout 21 comprises CMOS circuitry
22 and non-critical bipolar cell 26, which are identical to
CMOS circuitry 12 and bipolar cell 16, except smaller.
These smaller elements are achieved by using a CAD
program to shrink or scale-down the elements. Isolation
region 24 and 27 are down-sized by the same percentage as
CMOS circuitry 22. Because isolation region 14 was over-
sized 1n first generation layout 11, enough area remains to
replace bipolar cell 13 from first generation layout 11 into
second generation layout 21, without shrinking cell 13.
Bipolar cell 13 1s centered in isolation region 24 so that
1solation region 24 uniformly surrounds bipolar cell 13 in
second generation layout 21, as isolation region 14 did in
first generation layout 11. The size of the buffer zone
decreases, but since the builer zone is electrically inactive,
shrinking does not effect performance of bipolar cell 13.
Isolation region 14 is oversized so that the separation
between bipolar cell 13 and an outside edge isolation region
24 is at least as large as the separation between bipolar cell
26 and an outside edge of isolation region 27. That is to say,
even though isolation region 14 shrinks in second generation
layout 21, it must meet the same spacing requirements as
other components of second generation layout 21. CMOS
circuit area 12 and isolation areas 14 and 17 can be scaled
digitally on a CAD system in a few hours with minimal
intervention or redesign. Once circuit area 22 and 1solation
areas 24 and 27 are drawn, bipolar cell 13 is copied from
layout 11 at the original scale, and substituted into layout 21,
with no redesign required. Photomasks are then generated
from a digital record of layout 21 by the CAD system, and
production of circuits using second generation layout 21
begins.

FIG. 2 1llustrates a flowchart of the preferred process steps
involved in shrinking layout 11 of FIG. 1. Critical bipolar
cell 13 is drawn and isolation region 24 of second generation
mask 21 is drawn around bipolar cell 13. It is not important
to actually draw isolation region 24, but the dimensions of
isolation region 24 must be determined from conventional
design rules. Isolation region 14 is generated by enlarging
isolation area 24 to account for future process improve-
ments. For example, if a 30% scaling is desired, isolation

arca 14 is generated by enlarging each side of isolation area
24 by

N
1= 30%

or a factor of 1.43. More specifically, if W, .. is the mini-

mum isolation spacing in second generation layout 21 and
W__,; 1s the width of cell 13, then the total width of 1solation

area 24 is W, =W __+2W_ . . and the total width of isola-
tion area 14 1s:
W Wruﬂ B WEEH + 2Wmin
wl =T 30% 0 1-30%

CMOS circuitry 12, non-critical bipolar cell 16 and isolation
region 17 are simultancously drawn outside of isolation area
14, completing first generation layout 11. Photomasks are
made from first generation layout 11 and standard produc-
tion follows.

When process improvements become available which
allow for smaller dimensions to be used in production,
layout 21 1s generated. Preferably, bipolar cell 13 is removed
from layout 11, and the remaining elements of layout 11,
including isolation area 14, are scaled arithmetically. The

resulting layout comprises scaled elements 22, 27, 26, and
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24. Bipolar cell 13 is then substituted into 1solation area 24
and centered with respect to the outside edges of isolation
area 24. Photomasks are generated for the second generation
layout by the CAD system, and second generation produc-
tion can begin. Although first generation layout 11 is larger
than necessary due to the increased size of isolation region
14, and may result in integrated circuits which cost more
initially than a conventional layout, the reduced design time
required to take advantage of processing improvements will
result in a lower product cost over the lifetime of the design.

By now it should be appreciated that an integrated circuit
is provided which is easily down scaled even when some
elements of the integrated circuit cannot be down scaled. A
first generation layout is drawn so that non-scaleable ele-
ments are placed as removeable cells in oversized isolation
arcas. The critical isolation areas in the first generation
layout are sized in anticipation of future process improve-
ments which allow smaller feature size of the scaleable
circuit elements. The first generation layout can be down
sized by removing the non-scaleable cells and arithmetically
scaling the first generation layout using a CAD system. The
non-scaleable cells are then placed into the down sized
layout at their original size. In this manner, the integrated
circuit can be arithmetically scaled by a CAD system,
requiring minimal human intervention, and reducing the
time required to,shrink a design from several months to a
few hours. Because the resulting circuit will be functionally
equivalent to the original circuit, product lifetime is greatly
extended, and product cost 1s reduced.

I claim:

1. An integrated circuit comprising: an isolation region; a
first circuit type outside of the 1solation region; a second
circuit type inside the 1solation region, wherein excess space
is left between the periphery of the second circuit type and
the boundary of the isolation region so that the first circuit
type and the isolation region can be downsized without
shrinking the second circuit type.

2. The integrated circuit of claim 1 wherein the first circuit
type comprises bipolar circuitry and the second circuit type
comprises CMOS circuitry, and the oversized excess space
uniformly surrounds the isolation region.

3. A method of generating a digital record using a com-
puter aided design (CAD) system providing the basis for a
photomask of a scaleable integrated circuit having CMOS
circuit elements and bipolar circuit elements, each of the
bipolar circuit elements being surrounded by an isolation
arca, wherein a P% size reduction is anticipated for the
CMOS circuit elements and the isolation areas have a
minimum isolation width W_ . . the method comprising the
steps of: identifying scaleable and non-scaleable circuit
clements; drawing the non-scaleable elements using a CAD
system; drawing an 1solation region using the CAD system
having a width

around the non-scaleable elements; and drawing the scale-
able elements using the CAD system outside of the isolation
IEg10N.

4. The method of claim 3 further comprising the step of:
removing a first portion of the digital record corresponding
to the non-scaleable elements from the digital record; pro-
cessing the remaining portion of the digital record using a
program in the CAD system to arithmetically shrink the
remaining portion of the digital record corresponding to the
scaleable elements including the isolation region; and plac-
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ing first portion of the digital record corresponding to the the
non-scaleable elements into the processed portion of the
digital record corresponding to a location inside of the
isolation region.

5. A method of laying out an integrated circuit having a
first and a second type of circuitry using at least in part a
programmed computer aided design (CAD) system, the
method comprising:

generating a first generation digital record using a CAD

system a first generation photomask wherein a first
portion of the first generation mask corresponds to a
first circuitry type, a second portion of the first gen-
eration digital record corresponds to an electrically
inactive buffer zone surrounding the first circuitry type,
and a third portion of the first generation digital record
corresponds to a second circuitry type placed outside of
the buffer zone; and

generating a second generation digital record using the
CAD system thereby providing the basis of a second
generation photomask by processing the second and
third portions of the first generation digital record
corresponding to the buffer zone using a program on the

CAD system to arithmetically shrink the bufler zone

and the second circuitry type of the first generation
digital record while not processing the first portion of
the first generation digital record corresponding to the

first circuitry type.
6. The method of claim 5§ wherein the first circuitry type

comprises bipolar transistors and the second circuitry type
comprises CMOS transistors.
7. A method of laying out an integrated circuit having a

first and a second type of circuitry using at least in part a
programmed computer aided design (CAD) system, the
method comprising:

generating a first generation digital record that provides a

basis of a first generation photomask, wherein gener-
ating the first generation mask further comprises:
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laying out a first circuitry type using a CAD system,;

laying out a first buffer zone using the CAD system,
wherein the first buffer zone is of a first width, is void
of circuitry, and uniformly surrounds the first circuitry

Lype;
laying out a second circuitry type outside of the buffer
zone using the CAD system; and

laying out a second buffer zone of a second width using

the CAD system wherein the Second buffer zone 1s void

of circuitry and uniformly surrounds the second cir-
cuitry type.

8. The method of claim 16 further comprising the step of:

generating a first intermediate digital record by removing

‘data corresponding to the first circuitry type from the first

generation digital record; generating a second intermediate
digital record by down scaling the second circuitry type and
the first and second buffer zones by processing a remaining
portion of the first generation digital record with a program
in the CAD system; and generating a second generation
digital record by replacing the data corresponding to the first
circuitry type into the second intermediate digital records,
wherein the second generation digital record provides a
basis for a second generation photomask.

9. The method of claim 8 wherein the first buffer zone
width of the second generation photomask is W,,,, the
second circuitry type and the first and second buffer zones
are down scaled by P%, and the buffer zone width of the first
generation photomask is at least W,,;,/1-P%.

10. The method of claim 7 wherein the first buffer zone 1s
an isolation region surrounding the first type of circuitry.

11. The method of claim 10 wherein the first circuitry type
is bipolar and the second circuitry type 1s CMOS.
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